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SPECIFICATION 

TITLE OF THE INVENTION 

Bonded SOI substrate, manufacturing method thereof and 
semiconductor de.vi oe 

FIELD OF THE INVENTION 

The present invention relates to a bonded SOI substrate and a 
manufacturing method thereof and a semiconductor device using said 
substrate , and more specifically to a technology in which after an active 
layer wafer and a supporting substrate wafer having been bonded to each 
other with an insulation layer interposed between them, the active layer 
wafer is thinned to define a SOI layer. 

DESCRIPTION OF THE PRIOR ART 

In a trend of increasing demand for higher integration as well 
as more multi- functionality in a LSI fabricated on a silicon substrate, 
separation among respective elements turns out now to be a subject of 
importance. In the LSI according to the prior art, which typically 
resides on a silicon wafer having a thickness in a range of 500 Urn to 
800 Mm, electronic circuit elements are integrally fabricated in a 
surface layer thereof ( defined by a depth of some ten jim f rom a surface ) . 

A SOI (Silicon On Insulator) substrate has been known as a solution 
to the problem of separation among such elements . The SOI substrate 
comprises a SOI layer in which a device is to be formed, and a supporting 
substrate wafer for supporting said SOI layer, wherein a buried silicon 
oxide film having a thickness of several Mm is disposed between the 
SOI layer and the supporting substrate wafer. 

This SOI substrate can facilitate the high integration of the device , 
including the multi-functionality using a three dimensional structure, 
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provide reduced soft errors and higher reliability, and also suppress 
consumption of electric power. 

Conventionally, one known type of the SOI substrate according to 
the prior art is represented by "a semiconductor substrate" as disclosed 
in the Japanese Patent Laid-open Publication No. 2001-144276. In a 
configuration of this semiconductor substrate, a two-dimensional array 
of a plurality of trenches (recesses) is formed on surface of silicon 
substrate, which in turn is heat-treated to thereby induce a migration 
of silicon atoms in the surface layer of the substrate, causing inner 
walls in the openings of said respective trenches to be coupled with 
each other to define a device forming area (i.e., SOI layer), while 
causing inner portions of respective trenches to be coupled to each 
other to define a plate-like cavity (i.e., insulation layer). 

However, according to the prior art semiconductor substrate and 
manufacturing method thereof, a control of the dimension of the trench 
to be formed in the surface of the semiconductor substrate and/or a 
control of the heat treatment condition for forming the plate-like cavity 
through the migration of the silicon atoms have been found difficult. 
Consequently, it has been difficult to fabricate the SOI structure 
exactly as specified in its design. 

In this circumstance, the inventors have devoted themselves in 
an enthusiastic research and recognized the importance of the bonded 
SOI substrate. That is, they have made the present invention based 
on the finding that during manufacturing of the bonded SOI substrate, 
if a recessed portion is formed in the surface of the active layer wafer 
and/or in the surface of the supporting substrate wafer and then said 
active layer wafer and said supporting substrate wafer are bonded to 
each other with said surfaces serving as the bonding surfaces, then 
such a SOI substrate can be fabricated that has a cavity formed inside 
thereof substantially in accordance with the specified design. 



Therefore , an object of the present invention is to provide a bonded 
SOI substrate and a manufacturing method thereof, which allows a cavity 
of higher dimensional precision to be buried therein as an insulation 
layer . 

Another object of the present invention is to provide a bonded 
SOI substrate and a manufacturing method thereof, which allows MOS 
elements and bipolar elements to be arranged in a mixed manner on the 
same chip. 

SUMMERY OF THE INVENTION 

A first invention provides a SOI substrate comprising: a SOI layer 
in which a device is to be formed; and a supporting substrate wafer 
for supporting said SOI layer, said SOI layer and said supporting 
substrate wafer having been bonded to each other with an insulation 
layer interposed therebetween, in which said insulation layer includes 
a cavity. 

As for the SOI wafer and the supporting substrate wafer, a variety 
type of wafers may be employed, including, for example, a single-crystal 
silicon wafer and a gallium- arsenide wafer. 

The type of the device to be formed in the SOI layer may not be 
limited. The device may include, for example, a MOS type element, a 
bipolar element , a variety type of diodes and a variety type of transistors , 
a memory and a processor for further applications, and a variety type 
of digital circuits and a variety type of analog circuits for yet further 
applications. 

The thickness of the SOI layer may not be limited. For example, 
the SOI layer of thicker film may be 20 Mm to 50 Mm thick. The SOI layer 
of thinner film may be 0.01 Mm to 20 Mm thick. 

The cavity may be formed substantially across the entire region 
in the plane of the SOI layer. Alternatively, the cavity may be formed 
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partially in the plane. The shape of the cavity may be circular, 
elliptical, triangular, rectangular or other polygonal shape in plan 
view. 

The height of the cavity (the length in the thickness direction 
of the substrate) may be in a range of 0.01 Mm to 50 //m, preferably 
in a range of O.OIMm to 5/xm. 

According to the bonded SOI substrate defined by the first invention, 
the SOI substrate having the cavity serving as the insulation layer 
can be easily obtained. Consequently, the degree of freedom in shape 
and location of the cavity may be extended. Further, designing of a 
desired device, circuit and the like may be facilitated. For example, 
such a semiconductor device including the MOS elements and the bipolar 
elements disposed in a mixed manner can be easily fabricated. 

A second invention provides a SOI substrate in accordance with 
the first invention, in which said cavity is formed at a plurality of 
locations in a plane of said bonded SOI substrate. 

The cavity may be formed in response to a design of the desired 
device, circuit and the like. 

A third invention provides a SOI substrate in accordance with the 
first or the second invention, in which said insulation layer has a 
plurality of cavities defined by different heights. 

The cavities may be formed in the bonding surface of the SOI layer 
or /and in the bonding surface of the supporting substrate wafer . Further , 
the insulation film may be formed in both bonding surfaces of the SOI 
layer and the supporting substrate wafer. The surface on which the 
insulation film is to be formed is not limited to the bonding surface 
of the SOI layer and/or the supporting substrate wafer . It maybe formed, 
for example, across the entire surface of the SOI layer and/or the 
supporting substrate wafer. 

A fourth invention provides a SOI substrate in accordance with 



the first invention, in which said SOI layer has varied thickness in 
the plane thereof. 

Each suitable element may be formed in each region of varied 
thickness . 

Fif th invention provides a manufacturing method of a SOI substrate , 
comprising: a recessed portion forming step for forming a recessed 
portion in a surface of an active layer wafer and/or in a surface of 
a supporting substrate wafer; a bonding step for bonding said active 
layer wafer and said supporting substrate wafer to each other with said 
surface(s) having said recessed portion(s) formed therein serving as 
bonding surface(s) to thereby form a cavity; and a thinning step for 
thinning said active layer wafer of said bonded wafers to thereby form 
a SOI layer. 

The location where the recessed portion is formed may be in the 
surface of the active layer wafer. Alternatively, it may be in the 
surface of the supporting substrate wafer. Further, the recessed 
portion may be formed in both surfaces of the active layer wafer and 
the supporting substrate wafer. 

To form the recessed portion, a variety of techniques, including 
the photolithography, for example, may be used. A depth, an extent 
and a shape of the recessed portion may be arbitrarily determined. In 
one example, a patterning mask having a patterned hole defining the 
same configuration as of the recessed portion is placed over the top 
of the wafer in which the recessed portion is to be formed, and then 
said wafer is etched by a predetermined etching method through the 
patterned hole to form a recessed portion on the surface of the wafer. 
The type of etching method may not be limited. For example, the acid 
etching using a mixed acid of hydrofluoric acid mixed with nitric acid 
or the alkali etching using NaOH or KOH may be employed. Other than 
the above, a variety of dry etching may be employed. 



Further, this recessed portion can be also formed by the method 
other than the etching. That is, the wafer surface in the region other 
than the recessed portion may be raised by a variety type of thin film 
deposition methods thus to define a relatively recessed portion. 
Specifically, a mask having a patterned hole encompassing the region 
excluding that for forming this recessed portion is formed by the 
photolithography on top of the wafer in which the recessed portion is 
to be formed. After that, a thin film is formed over the wafer surface 
by a predetermined thin film deposition method via this patterned hole. 
Subsequently, in this method, the mask is removed to make the recessed 
portion of specified dimension emerge in the surface of the wafer. 

The thin film deposition method may include, for example, the 
spattering method, the vacuum deposition method, the CVD method and 
the epitaxial growth method. 

The bonding of the active layer wafer with the supporting substrate 
wafer may be achieved, for example, by bonding the two wafers to each 
other at a room temperature and then applying the bonding heat treatment 
thereto. The heating temperature in this bonding heat treatment may 
be 800^ or higher, llOO'C, for example. The time period of the bonding 
heat treatment may be two hours, for example. The atmospheric gas in 
the thermal oxidation furnace to be used may employ oxygen and the like. 

As the thinning method of the active layer wafer, for example, 
such a method may be employed in which light elements such as hydrogen 
ions are implanted into the active layer wafer from its thermally oxidized 
surface side , and then the active layer wafer and the supporting substrate 
wafer are bonded to each other and heat treated. At this time, the 
smart -cut method may be employed, in which an unnecessary portion of 
the active layer wafer is separated from the region where the hydrogen 
ions have been implanted. 

In addition, the thinning method by the surface grinding and the 
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surface polishing may be employed, for example. Further, as an 
alternative thinning method, the etch stop method may be employed. 

That is the method in which the surface grinding is applied to 
the active layer wafer side of the bonded wafer, and then thus 
surf ace -ground surface is further applied with the surface polishing 
to thereby produce the SOI layer. During the surface grinding of the 
active layer wafer, for example, the surface grinding wheel may be used. 
As for the surface polishing, for example, the polishing by the polishing 
machine may be employed. That is, after having been processed with 
the surface grinding, the bonded wafer is mounted on a polishing head 
and polished in the condition where the ground surface of the active 
layer wafer is pressed against polishing cloth affixed on a turn table 
while supplying a polishing agent (slurry) containing loose abrasive 
in a polishing liquid. The thinning of the active layer wafer may be 
accomplished exclusively by the surface polishing. In that case, 
adjusting of the polishing condition for the active layer wafer may 
be required. 

As for the polishing machine , a single type wafer polishing machine 
or a batch type wafer polishing machine may be used. Further, either 
a wax type single side polishing machine or a waxless type polishing 
machine may be used. 

As for the polishing cloth, may be employed, for example, a porous 
non-woven type polishing cloth made of polyester felt impregnated with 
polyur ethane , an expanded ure thane type polishing cloth made by slicing 
a block of expanded urethane and a suede type polishing cloth made by 
laminating expanded polyurethane on top of a base material of polyester 
felt impregnated with polyurethane and then removing the surface layer 
portion of said polyurethane to resultantly form an opening in the layer 
of expanded polyurethane . 

According to the manufacturing method of the bonded SOI substrate 
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defined by the fifth invention, firstly the recessed portion is formed 
in the surface of the active layer wafer and/or in the bonding surface 
of the supporting substrate wafer, and secondly the two wafers are bonded 
to each other. In this way, the cavity of highly precise dimension 
can be buried and formed as the insulation layer. Further, the cavities 
can be simultaneously made in a plurality of locations in the substrate 
plane, and more advantageously the thickness of the SOI layer defined 
by those cavities can be arbitrarily determined in an easy manner. 
Therefore, for example, such a semiconductor device including the MOS 
type elements and the bipolar elements that are loaded in a mixed manner 
on the same chip can be fabricated easily. 

A sixth invention provides a manufacturing method of a bonded SOI 
substrate in accordance with the fifth invention, in which in said 
recessed portion forming step, said cavity is formed in a plurality 
of locations in the surface of said active layer wafer and/or in the 
surface of said supporting substrate wafer. 

This allows a design to be made in response to a desired semiconductor 
device . 

A seventh invention provides a manufacturing method of a bonded 
SOI substrate in accordance with the fifth or the sixth invention, in 
which in said recessed portion forming step, a plurality of recessed 
portions having varied depths is formed in the surface of said active 
layer wafer and/or in the surface of said supporting substrate wafer. 

To differentiate the depth, for example, such technique may be 
employed in which an etching with a photo mask is repeated two or more 
times . 

An eighth invention provides a manufacturing method of a bonded 
SOI substrate in accordance with any one of the fifth through the seventh 
inventions, in which in said bonding step, an insulation film has been 
formed on said bonding surface of said active layer wafer and/or on 
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said bonding surface of said supporting substrate wafer. 

Forming of the insulation film may be achieved by a thermal oxidation , 
for example. 

A ninth invention provides a manufacturing method of a bonded SOI 
substrate in accordance with the fifth invention, in which said bonding 
step is carried out in a vacuum atmosphere or under a vacuum condition. 

The bonding step may be performed at 1 0 torr under a room temperature , 
for example. The bonding may be carried out by using a known jig. 

A tenth invention provides a manufacturing method of a bonded SOI 
substrate in accordance with the fifth invention, in which said thinning 
step includes a step for grinding and polishing of said active layer 
wafer after having been bonded. 

An eleventh invention provides a manufacturing method of a bonded 
SOI substrate in accordance with the fifth invention , further comprising 
a step for performing an ion implantation to a location in a specified 
depth in said active layer wafer, wherein said thinning step includes, 
in the course of a heat treatment following to said bonding step, a 
step for separating a surface side of said active layer wafer from said 
ion- implanted region 

A twelfth invention provides a semiconductor device comprising 
a bonded SOI substrate in which a SOI layer having varied thickness 
is formed over a plane thereof , wherein a functional block defined by 
a CMOS logic is formed in the thinnest region of said SOI layer and 
a memory functional block and/or an analog functional block are formed 
in the other regions of said SOI layer. 

In the semiconductor device according to the twelfth invention, 
since the functional block of the CMOS logic is formed in the thinnest 
region of the SOI layer, while the memory functional block or the analog 
functional block is formed in the other region of the SOI layer, therefore 
respective functions of those elements can be performed efficiently. 
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For example, the CMOS may be formed in the cavity forming region of 
the SOI layer, while the memory may be formed in no-cavity forming region 
of the SOI layer. Alternatively, the CMOS may be formed in the region 
of deep cavity, while the memory may be formed in the region of shallow 
cavity. 

A thirteenth invention provides a semiconductor device in 
accordance with the twelfth invention, in which a basic unit block of 
the CMOS logic is formed in the thinnest region of said SOI layer. 

When the basic unit block of the CMOS logic is arranged in this 
thinned region, such a semiconductor device of mixed loading type can 
be obtained, which allows the feature of each element to be functioned 
in an optimally effective manner respectively. 

A fourteenth invention provides a semiconductor device in 
accordance with the thirteenth invention, in which a unit transistor 
is formed in the thinnest region of said SOI layer. 

When the unit transistor is formed in this region, such a 
semiconductor device of mixed loading type can be obtained, which allows 
the feature of each element to be functioned in an optimally effective 
manner respectively. 

A fifteenth invention provides a semiconductor device in accordance 
with the fourteenth invention, in which a channel of the unit transistor 
is formed in the thinnest region of said SOI layer. 

When the channel of the unit transistor is formed in this region, 
such a semiconductor device of mixed loading type can be obtained, which 
allows the feature of each element to be functioned in an optimally 
effective manner respectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a flow sheet showing processing steps of an active layer 
wafer in a manufacturing method of a bonded SOI substrate according 
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to a first embodiment of the present invention; 

Fig. 2 is a flow sheet showing fabricating steps of a bonded wafer 
in the manufacturing method of a bonded SOI substrate according to the 
first embodiment of the present invention; 

Fig. 3 is a sectional view showing a semiconductor device formed 
in a bonded SOI substrate according to the first embodiment of the present 
invention; 

Fig. 4 is a flow sheet showing processing steps of an active layer 
wafer in a manufacturing method of a bonded SOI substrate according 
to a second embodiment of the present invention; 

Fig. 5 is a flow sheet showing preparation steps of a supporting 
substrate wafer in the manufacturing method of a bonded SOI substrate 
according to the second embodiment of the present invention; 

Fig. 6 is a flow sheet showing processing steps of a bonded wafer 
in the manufacturing method of a bonded SOI substrate according to the 
second embodiment of the present invention; 

Fig. 7 is a flow sheet showing processing steps of an active layer 
wafer in a manufacturing method of a bonded SOI substrate according 
to a third embodiment of the present invention; 

Fig. 8 is a flow sheet showing preparation steps of a supporting 
substrate wafer in the manufacturing method of a SOI substrate according 
to the third embodiment of the present invention; and 

Fig. 9 is a flow sheet showing processing steps of a bonded wafer 
in the manufacturing method of a bonded SOI substrate according to the 
third embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiment s of the present invention will now be described 
with reference to the attached drawings. 

Referring to Fig. 1 through Fig. 3, a bonded SOI substrate and 
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a manufacturing method thereof according to a first embodiment of the 
present invention will be described. 

The bonded SOI substrate according to this embodiment is 
characterized in that a predetermined number of shorter cavities "c" 
and a predetermined number of taller cavities "d" defining their heights 
taller than said shorter cavities "c" reside in an active layer wafer 
10 side with respect to a bonding interface between an active layer 
10A and a supporting substrate wafer 20. This difference in height 
results in a difference in thickness of the SOI layer (active layer) 
10A in these regions . In Fig. 3 , the SOI layer 10A having the thickness 
"tl" is formed above the cavity "d" and the SOI layer 10A having the 
thickness "t2" is formed above the cavity "c", respectively. It is 
to be noted that tl<t2. 

As it is, a CMOS transistor 100 will be formed in this region of 
the thinner silicon layer and a bipolar transistor 110 will be formed 
in the region of the thicker silicon layer, respectively. 

A manufacturing method of this bonded SOI substrate will be 
explained below. 

Firstly, hydrogen ions are ion-implanted in accordance with a 
specified condition into a back surface (at a location defined by a 
predetermined depth from a surface of mirror- surf ace) of the silicon 
wafer 10 for the active layer having fabricated by a known method. Fig. 
1(a) shows this ion implantation is being carried out. 10a indicates 
the region where the hydrogen ions are implanted. 

Secondly, a reactive ion etching apparatus is used to form recessed 
portions lOd each defined by an opening area of 1 mm 2 x a depth of 0.5 
Mm and recessed portions lOe each defined by an opening area of 1 mm 2 
x a depth of 1.0 Mm with the ion etching in the surface of the active 
layer silicon wafer 10 . Fig .1(b) shows the condition after the etching . 
To obtain different depths, for example, a plurality of types of mask 
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is prepared for the etching, and the etching is applied in a plurality 
of steps. 

After that, a silicon oxide film lOf is formed across the entire 
exposed surface of the active layer wafer 10 including the recessed 
portions lOd, lOe by the thermal oxidation processing at 900°C in the 
oxygen gas atmosphere. 

Subsequently, the surface of the active layer silicon wafer 10 
(i.e. , the surface having the recessed portions) and the mirror -surface 
of the previously prepared supporting substrate wafer 20 (i.e., the 
silicon wafer fabricated in the same process as the active layer wafer 
10) are used as the bonding surfaces (laminating surfaces), and the 
two wafers 10 and 20 are now bonded to each other using, for example, 
a known jig in a vacuum unit. At this time, an insulation layer will 
be formed between the active layer wafer 10 and the supporting substrate 
wafer 20, which insulation layer comprises a predetermined number of 
cavities "c" each defined by the opening area of 1 mm 2 x the height 
of 0.5/Zm, a predetermined number of cavities "d" each defined by the 
opening area of 1 mm 2 x the height of 1.0/xm and a buried oxide film 
30a located in the bonding surface side of the silicon oxide film lOf . 
Fig. 2(a) shows a state after this bonding step. 

After that, the heat treatment at a low temperature is applied 
to the bonded wafer 30 at 500*C for one hour to thereby form a hydrogen 
bubble region 10a within the active layer wafer 10. The hydrogen ions 
having been implanted in the above-mentioned step form the bubbles. 

Subsequently, the predetermined bonding heat treatment (1100*0, 
two hours) is applied to this bonded wafer 30. 

As a result from the above steps, unnecessary portion of the active 
layer wafer 10 (the portion defined in the surface side) is separated 
off from the hydrogen bubble region 10a. Fig. 2(b) shows a condition 
where the oxidation film has been removed after the separation. In 
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addition, the bonding strength of the bonded wafer 30 is enhanced by 
this bonding heat treatment . 

In the following step, the separation surface of the active layer 
wafer 10 is subjected to the CMP processing (polishing) or the hydrogen 
bake processing to thereby fabricate a bonded SOI substrate . Fig. 2(c) 
shows its resultant condition. The surface of the active layer wafer 
is mirror-polished through the polishing. It is to be noted that the 
element 30a functions as the buried oxide film. 

Fig. 3 shows the state where the elements have been formed on thus 
fabricated bonded SOI substrate. In this SOI substrate, as a result 
of the cavities "c" and "d" having different heights, which have been 
formed in the bonding surfaces, the SOI layer 10A right above the cavity 
"c" and that above the cavity M d" have different thickness from each 
other. The thin (thickness tl) SOI layer 10A is formed right above 
the taller cavity "d" , and the thick (thickness t2) SOI layer 10A is 
formed right above the shorter cavity "c" , respectively. 

To fabricate a semiconductor device by using this SOI substrate, 
the CMOS logic is formed in the specific region of the SOI layer 10A 
located above the taller cavity "d" , as described above . This is because 
the region in which the CMOS logic is formed has preferably the thin 
film where a parasitic capacity could be made as small as possible. 
Further, the memory or various types of analog circuits (bipolar 
elements) may be formed in the region located above the shorter cavity 
"c" (the thicker region) in the SOI layer 10A. 

In other applications, for example, a base circuit of the CMOS 
logic, a unit transistor of the other type than the CMOS logic, a channel 
of the unit transistor, a variety of complete depletion type SOI device 
and the like may be formed in the region above the cavity "d" of the 
SOI layer 10A. 

As described above, since the plurality of cavities "c" , "d n having 
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different height from each other has been formed, the elements having 
different structures from each other are allowed to reside in a mixed 
manner on the same chip. 

Turning now to Fig. 4 through Fig. 6, a second embodiment of the 
present invention is illustrated. 

The manufacturing method of the SOI substrate according to this 
embodiment is characterized in that in the step prior to the hydrogen 
ion implantation, firstly a silicon- germanium thin film 10b is 
epitaxially-grown on the surface (mirror- surf ace) of the active layer 
silicon wafer 10, and secondly a silicon thin film 10c is successively 
epitaxially-grown on the surface of the silicon -germanium thin film 
10b, as shown in Fig. 4. 

It is to be noted that as the active layer silicon wafer 10, such 
a silicon wafer may be employed that has been pulled up by the CZ method 
(Czochralski method) and processed by the slicing, beveling, lapping, 
etching and mirror- surf ace polishing. 

Subsequently, the hydrogen ions are implanted into the interface 
between this silicon- germanium (SiGe) thin film 10b and the active layer 
wafer 10 or into the SiGe film 10b , or otherwise into the silicon substrate 
immediate below the SiGe film such that the hydrogen ion concentration 
reaches its peak in those regions. Reference numeral 10a indicates 
the hydrogen ion implanted region. In this way, the active layer wafer 
10 to be bonded is fabricated. 

On the other hand, as for the supporting substrate silicon wafer 
20, the predetermined recessed portions 20a, 20b are formed in its bonding 
surface (mirror -surface) by the photolithography or the like, as shown 
in Fig. 5. The respective recessed portions 20a, 20b are controlled 
to have different depths from each other. This may be accomplished 
by, for example, applying different conditions of etching associated 
with the photo mask to the expected recessed portions 20a and 20b 
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respectively. In the first etching, the recessed portion 20a is 
exclusively etched by a predetermined depth, and in the subsequent 
etching, the recessed portions 20a and 20b are etched by a predetermined 
depths. That is, the recessed portion 20a is etched through two times 
of etching to be deeper than the recessed portion 20b, for example, 
as two times deeper as the recessed portion 20b. 

Then, after the recessed portions having been formed, the outer 
surface of the supporting substrate wafer 20 is coated with the oxide 
film 20c by the thermal oxidation. It is to be noted that the supporting 
substrate wafer 20 has been formed through the same processes as those 
for said active layer wafer 10. 

Then, as shown in Fig. 6, those active layer wafer 10 and the 
supporting substrate wafer 20 are bonded to each other thus to fabricate 
a bonded wafer 30. 

That is , under a predetermined vacuum condition ( e . g . , in the vacuum 
chamber) , the active layer wafer 10 and the supporting substrate wafer 
20 are placed one over the other with the surface of the silicon thin 
film 10c of the former facing the surface (the recessed portion formed 
surface) of the latter, to thereby bond those two wafers to each other. 

Then, the bonded wafer 30 is inserted into the thermal oxidation 
furnace to be subjected to the predetermined heat treatment. That is, 
under a condition defined by the oxygen gas atmosphere, the temperature 
of 500X3 and the processing time of one hour, the hydrogen bubbles are 
formed in the hydrogen ion implanted region 10a. 

Subsequently, the bonding heat treatment is carried out at 1100X3 
for two hours . As a result, the bonding strength is enhanced. Through 
this heat treatment, in the bonded wafer 30, the active layer wafer 
10 is separated off from the hydrogen bubble formed region ( the interface 
between the silicon -germanium thin film 10b and the active layer wafer 
10) . 
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Thus, the bonded wafer 30 is formed with the silicon oxide film 
(the buried oxide film) 30a interposed between the bonding surfaces. 
Then, in this case, the silicon oxide film 30a would include the cavities 
"a" and ™b" in parts thereof (at locations spaced from each other in 
the same plane). 

After the separation, the silicon -germanium thin film 10b is etched 
by using the etch stop method to remove it and thereby to expose the 
silicon thin film 10c. In this process, such an etchant is used that 
has the etching rate for the silicon -germanium greater than that for 
the silicon. Further, this etching surface is polished by the chemical 
and mechanical polishing to be the mirror- surf ace . As a result , a bonded 
SOI substrate is fabricated, which has the SOI layer 10A comprising 
the silicon thin film 10c having the predetermined thickness. 

Then, the predetermined elements are to be formed in the SOI layer 
10A in the regions right above the respective cavities 20a and 20b. 

In this way, since such a manufacturing method of the bonded SOI 
substrate is employed, in which the silicon- germanium thin film 10b 
and the silicon thin film 10c are sequentially epitaxially- grown on 
the surface of the active layer wafer 10 and ultimately the silicon 
thin film 10c is made to function as the active layer 10A, therefore 
the separation surface is within the s ilicon- germanium f ilm 10b or within 
the active layer silicon wafer 10 immediately below the silicon-germanium 
thin film 10b, and further since unnecessary layer is removed by the 
etching in the subsequent step, the final roughness of the surface of 
the SOI layer can be reduced. 

Referring now to Fig. 7 through Fig. 9, a third embodiment of the 
present invention is illustrated. 

Firstly, a single crystal silicon ingot that has been pulled up 
by the CZ method is further processed through the slicing, beveling, 
lapping, etching and polishing to thereby prepare the active layer wafer 
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10 having a thickness of 725 Mm, a diameter of 200 run, and an initial 
oxygen concentration of 14.0 x 10 17 atoms/cc, with its surface having 
been mirror- surface finished (Fig. 7). 

Secondly, hydrogen ions are implanted at a rate of 5 . 0 x 10 16 atoms /cm 2 
into the active layer wafer 10 by using a medium current ion implant er 
with an accelerating voltage of 100 keV so as to achieve the depth of 
implantation of about 2 Mm from the wafer surface side. In this way, 
the hydrogen ion implanted layer 10a is formed in the surface layer 
of the active wafer 10 at a predetermined depth from a surface thereof 
as an extending plane. 

On the other hand, the supporting substrate wafer 20 is prepared 
by the same manufacturing method as that used for the active layer wafer 
10 so as to have the same thickness , diameter and mirror- surf ace therewith 
(Fig. 8). 

Subsequently, this supporting substrate wafer 20 is applied with 
a resist film by lMm entirely across the surface thereof by the spin 
coating method. 

After that, by the photolithography technology, a predetermined 
number of patterned holes, each having the opening area of 1 mm 2 , is 
formed in the predetermined locations in the resist film. 

Then, through those patterned holes, a plurality of recessed 
portions 20a each defined by an opening area of 1 mm 2 x a depth of 0.5 
Mm and a plurality of recessed portions 20b each defined by an opening 
area of 1 mm 2 x a depth of 1.0 Mm are formed in a part of the surface 
of the supporting substrate wafer 20 by the ion etching. 

After that, this supporting substrate wafer 20 is inserted into 
the thermal oxidation furnace, where the wafer 20 is processed with 
the thermal oxidation at 900^3 while supplying a flow of oxygen gas 
at a predetermined flow rate. Through this process, the 0.4 Mm thick 
insulating silicon oxide film 20c is formed entirely across the exposed 
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surface of the supporting substrate wafer 20 including entire regions 
in the inner walls of the recessed portions 20a and 20b. 

After that, the active layer wafer 10 and the supporting substrate 
wafer 20 are placed one over the other under the room temperature in 
the vacuum device, such that the surface of the hydrogen ion implanted 
layer 10a side of the active layer wafer 10 and the surface of the recessed 
portion 20a, 20b side of the supporting substrate wafer 20 serve as 
the bonding surfaces, thus to form the bonded wafer 30 (Fig. 9). At 
this time, the pressure inside of the vacuum device is kept to be equal 
or less than 10 Torr. Bonding the two wafer in the vacuum device allows 
the mirror finished surface of the active layer wafer 10 and the mirror 
finished surface in the recessed portion 20a, 20b side of the supporting 
substrate wafer 20 to be bonded to each other without generating any 
bad bonding regions therebetween. 

After the bonding, in some parts (at specified locations) of the 
bonding interface, a predetermined number of cavities "a" each defined 
by the opening area of 1 mm 2 x the depth of 0.5 Urn and a predetermined 
number of cavities "b" each defined by the opening area of 1 mm 2 x the 
depth of 1.0/im are formed respectively. At this time, the portion 
of the silicon oxide film 20c interposed between the active layer wafer 
10 and the supporting substrate wafer 20 turns out to be the buried 
silicon oxide film 30a. The thickness of this buried silicon oxide 
film 30a is 0.4 Mm. 

As described above, since this illustrated embodiment has been 
configured such that the bonding method is employed to manufacture the 
bonded SOI substrate having the cavities "a" and "b", the cavities n a" 
and n b" can be formed with higher dimensional precision as compared 
to the prior art using the migration of the silicon atoms. 

After that , this bonded wafer 30 is inserted in the thermal oxidation 
furnace for the bonding heat treatment, where it is processed with the 
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heat treatment for forming bubbles under the oxygen gas atmosphere at 
500*C for one hour . This causes the hydrogen ions implanted in the active 
layer wafer 10 to react and thus form a region where a large number 
of hydrogen bubbles is generated in high density. 

Subsequently, the bonding heat treatment is carried out at 1100*0 
for two hours . This may enhance the bonding strength between the active 
layer wafer 10 and the supporting substrate wafer 20. During this heat 
treatment , unnecessary portions of the active layer wafer 10 is separated 
off from the hydrogen bubble formed region, thus to make the active 
layer wafer 10 thinner. Consequently, the active layer 10A having the 
predetermined thickness emerges on the supporting substrate wafer 20 
via the insulation layer comprising the cavities "a" and "b" and the 
buried oxide film 30a. After that, the silicon oxide film, which has 
been formed on the exposed surfaces of the active layer 10A and the 
supporting substrate wafer 20 during the heat treatment is removed by 
applying the HF cleaning process. 

Then, the CMP (Chemical Mechanical Polishing) process is applied 
to the separation surface of this active layer 10A to make it smooth. 
Through this process, the separation surface of the active layer 10A 
is finished into mirror-surf ace . Alternatively, the hydrogen baking 
may be employed in place of the CMP to process the separation surface 
of the active layer 10A. Thus, the bonded SOI substrate is fabricated. 

As described above, according to the bonded SOI substrate and the 
manufacturing method of the bonded SOI substrate provided by the present 
invention, since the recessed portions are formed in the surface of 
the active layer wafer and/or in the surface of the supporting substrate 
wafer, and then the active layer wafer and the supporting substrate 
wafer are bonded to each other such that the surfaces having those recessed 
portions may serve as the bonding surfaces, therefore the insulation 
layer comprising cavities of higher dimensional precision can be formed 
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within the substrate. 

Further , since a plurality of SOI layers having different thickness 
are formed within a single substrate, different element structures are 
formed on the same chip in a mixed manner* For example, the MOS regions 
and the bipolar device regions may be formed in a mixed manner. 

Further, this bonded SOI substrate allows the elements of different 
structures to be formed thereon in a mixed manner. In that case, the 
respective elements are allowed to perform their functions effectively. 
In addition, respective portions of the elements are also allowed to 
perform their optimal functions. Furthermore, for example, such a 
configuration may be employed in which each of the MOS type element 
and the bipolar type element can perform its function sufficiently. 
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